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relat!!? "^""^ *° ^^'^^^^ ^'^^ particularly, it 

It ! . " T"' ^" " « substitute for oJiaty 

Portland cement. 

According to one ^epect of the invention there is provided 
a binder which comprises a Clase ? fly a.h emd an alkali „etal 
expound selected froa the group consisting of alkali „.tal 

binder being in. the fo«a of a particulate mixture comprising, for 
aZi^^ta^ ^ - " c^sald 

By Glass p fiy ash is meant fly ash classified by the 
A»^ioan society for Testing and Materials (astm) under Standard 
^ification Designation C6ie-87 as Class p fly ash. Typical 
chenxcal compositions of class r fly ash available in south 
Africa are as set forth in the following table, Table i, 

TABLB ^ 



\- Constituent 


% by Mass 




40,04 - 50,6 






26,30 - 38,93 




2,63 - 5,55 


cao 


4,42 - 12,80 


Hgo 


• 3,10 


SO3 


1,13 1 




0,30 - 1,03 j 






^es upon Ignition 


0/20 - 0,99 1 


0,80 - 3,86 1 



. optionally, th« binder cowprisea a proportion, eg. i-50 

H'a^l^r" r 'or every 100 parta by »asB 

or said fly ash. The aaorphoua silica My be £u»ed ellioa 
condensate or so-called silica fume. 

Preferred proportions of the constituents depend to a 
degree on the nature of the oonstituente and the use for which 
the binder is intended. Thus, when the binder is intended for 
use in making cast products and the alkali n.etal compound ie a 
sodium compound, the binder may contain 5 - 40 parte by mass 

lii^l T ^ " P**^** amorphous 

Blllca, for every loo parts by naes of fly ash; «hen the 

binder is intended for uee in maXing cest products and the 

alkali metal compound is a potassium compound, the binder may 

oontain 7 - 40 parta by mass of the potassium compound and up 

to 50 parts by mass of amorphous silica, for every lOo parts 

by mass Of fly ash; and when the binder is intended for use in 

. making pressed products, it may contain l - 20 parts by mass 

Of the alkali metal compound and up to 50 parts by mass of 

amorphous Silica, for every lOO parts by mass of fly ash. Per 

reasons of cost and availability, as indicated above, sodium 

and potassium alkali metal compounds are preferred. 

More particularly, if the alkali metal compound is a 
IT^ ' T "^"'^"^^ P-Portions depend on whether 

clTiJuls " 'r*'"' Proportlone of the different 
constituents on a parts by mass basis. 




beJ!w! cyor^^nts are represented in Table 3 





fly Ash 
Proportion 



100 

100 



Alkali Metal 
HydroxidQ 
Proportion 




8-36 
5-30 



Amorphous 
silica 
(Fmaed 
Silica 
Condensate) 
Proportion 



6-40 
10 - 50 



that t., .ii = r~Lr^ " not.. 



TABLE 




Potaesium 

Sodium 



100 
100 



Alkali Metal 
Silicate 
Proportion 



10 - 40 
19 - 40 



Th6 amount of water used 

constituents affects the .tre '1^^^^'^ ^^her 
tha higher tH^ ^ strength of the binder rr.*^ , , 

Higher the wat„ content the wea3c«. , " Generally,, 

'^^'^^^ strength of the 



. bi««er. Bowvat in case of oa.t produotn a »i„i»«m vater 
content la retired in ordar for the alx to be workable and 
tfterefore to be compaoted properly. 

The fly ash and alkali aetal compound oay together form 
at least 66% by nass of the binder, preferably et least 80%. 

Typically the binder will be used in a fashion ai»ilar to 
that Of ordinary por^tland cement. Thus, it will be thoroughly 
mixed with water end optionally with a particulate filler or 
diluent such as granular particles (eg. sand, additional fly 
ash or granulated slag), flbrea (eg. glass, steal, organic 
POlymets or asbestos), and/or aggregate (gravel or stone), 
after which it is cast, pressed, moulded or extruded and then 
caused or allowed to set. 

, With regard to these fillers or diluents, the proportions 
thereof used will depend on what degree of shrinkage or 
axpansion can be tolerated and/or the strength required in the 
eventual set product. For mortars and concretes the 
binderifiller/diluent (sand or etone) mass ratio may be l-i - 
1«9 for continuously graded fillers or diluente, end as a 
first approximation proportions, particle sises and/or 
particle si^e distributions will be employed which are similar 
to these employed in Portland cement/concrete practice. 

which'!!e\iT''''". " ^^'^^ --tlfact 

iTiZ I' « --tifact Of a 

s!t T-tT' T r^'"' '""""'"^ artifact to 

binier ior L"* ^ °' "'""^ ^'""^ -'^'-^'^ -^^^ the 

binder. "° ""'^ ""^^ in the 

waterX'^L^d" ^^^^^ - Of 

-a Of ny ash ^th M^L .t^^^^^^ "° ^^^^ 

the binder being selected «lkaU metal confound of 

ng selected from sodium coa«,ounds, potassium 
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^omjda and «ixtur,s thereof, instead, ths ch«pi„g »ay be by 
pressing, 8 - 20 parts by mass ot water being admixed with the 
binder for every loo parts by mass of the fly ash. 

The green artifact aay be caused to set by maintaining it 

■ T ''''^^^'^ - "O'C, in eg a conventional 

oven or a lalcrovave oven for a period of a few minutes up to 
several, eg 4, days, with the artifact enclosed in a water- " 
inpemeable enclosure such as a plastics or similar water- 
impermeable membrane, or being located under water to prevent 
it from drying .out prematurely. This curing at elevated 
temperature leads to enhanced early strength after i - 4 days. 
The green artifact can instead be allowed to set at an ambient 
temperat^s Of not more than 40-c, while being maintained in a 

slw!r strength development thereof is somewhat 

As indicated above, the method may comprise admixing a 
. particulate filler or diluent with the binder and water, ^le 
nature of the diluent or filler used and the proportions 

8 30 parts by mass of asbestos fibre for every 100 parts 
iTsVll ""'^'^^^'^'--•^ and 100 - 900 parL by 

l«oL « r '^"'^ "° ^^^^ 9««-ral 

iTir?' ^" 5—1. concrete practice' 

when^e^Xoylng portland cement can be used as a guide in this 

arti^H" ^Kr""'"" ^'^^"^^ * ^^^^^ of making an 
artifact Which comprises admixing fly ash, an alkali 
compound selected alkali metal 

u / ^^Asocea from the group consisting of alkali 
hydroxides, alkali metal «n4«-i. ^ . ajjcall metal 

»r .Xlowln, th. .rt«„t to Mt 1 T ^ """^ 



• "uf"! ooapound and £iy ash are not premixed 

Itito a binder as described above, the alkali metal co»poand 

■ 2 I II - «»^«tion: after 

irtilch the fly ash is admixed into the solution, it amorphbus 
sUioa ie used, it may be admixed with the solution before the 
riy ash, any other oonatituents being admixed into the 
solution after the fly ash. 

The invention extends further to a binder whioh comprises 
riy ash and an alkali metal compound selected from the group 
consisting of alkali metal hydroxides, aixail metal silicate, 
and mixtures thereof, the fly ash and alkali metal compound 
together making up at least 6fi% by mass of the binder, 
preferably at least 80«. 

The Invention extends still further to an artifact 
Whenever made In accordance with the method described above. 

The Invention will now be described, by way of 
Illustration, with reference to the following non-limiting 
B«mples, in which the fly ash used was a class r fly ash 
recexved from the Matla Power Station having the following 
cnemical analysis: 




th««!J* ' **** ' "^'^ ^"''^ '^^^^t 6% by mass 

a specific -urfaca of 340Q c»»/g and a density of 2.31 (la 



Provi!^! T/"* ^""^'^ ""^^ ^hi^Pfi' cape 

Province, having a partiole ei.e such that It aU passed 

through a test siove cf d.eao ^ nominal sis. and not »or. 
than 10% by Bass thereof p„sed through a test sieve of 
0,600 mm nominal slse.' 

The fumed silica condensate used was obtained from a 
ferrosilicon plant in Pietersburg and had the following 
chemical analysis; 





Constituent 


* by UsiSB 1 




94,06 






0,72 


FS2O3 


0,08 


Cao 






0,13 


Mgo 




0,47 


SO3 






0^42 








0,23 








0,42 


Loss upon ichltion 






«iQ were in the form of pellets. 

iMlcing Of «ort« .p,ol»en.. Mltlna w 
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•f fected by a Wchanieal mixer described in sabs Method 
Ko. 866. The green mix was placed in steel priaa aoulds and 
compacted as aescrlbed in SABS Method No. 866. After 
compaction the moulds were Inserted into plastics bags having 
a volume of 10 litres which were then sealed to prevent 
moisture from escaping. Unless stated otherwise the green mix 
was oured at 40*c for a predetermined period, after which a 
cured or set. artifact was obtained, whose strength was tested 
in conventional fashion using methods used to test cement or 
concrete artifacts. An Instron testing machine was used to 
determine the flexural strength of all the artifacts. For 
testing compressive strength said instron machine was used 
except for artifacts with a compressive strength of over 
40 MPa, in which case a Baldwin testing machine was used. 



basis. 



in all examples the proportions are given on a mass 



Bxamttlq ;i, 

A binder oosvosltion comprising 20,2 parts potassium 
hydroxide for every 100 parts fly ash was used 
together with 30 parts of water and 300 parts of 
Band. After two days curing the resulting artifact. 
Which amounted to a mortar, had a compressive 
strength of 1,69 MPa, which increased after 9 days " 
to 14, 7S MPa, and after 26 days to 23,0 KPa. The 
equivalent flexural strengths were respectively 0,7 
MPa, 4,1 MPa and 6,3 KPa. ' 



rn this oaae, a binder composition comprising 25,21 

«lllca (fumed silica condensate) for every loo parts 

3 5 T '''' ^rt7.Z"lT 

days respectively, a mortar artifact was obtained 
Whose compresslva Htv«««*.u w^tamea 

pressive strengths were 2,27 MPa, 33,66 «Pa 
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ana 2B,o MPa. tUb equivalent flexural strengthe 

^«ter the 8a»a periods were respectively 0,8 MPa, 
4,6 MPa and 6,3 mPb. 

in this case a binder comprising 9,05 parts sodiim 
hydroxide for every loo parts fly ash was used 
together with 38,89 part, water and 300 parts sand, 
m this case after 2, 7 and 26 days respectively, a 
mortar artifact was obtained whose compressive 
strengths .were 2,47 MPa, 24,34 MPa and 33,0 MPa, the 
equivalent flexural strengths after the same period 
respectively being 0,7 MPa, 4,5 MPa and 6,5 MPa. 

BXamalft a 

in this case the binder was not pre-mixed, but its 
various constituents were mixed separately to make 
up the green nix. For every loo parts fly ash used, 
there were used 14,25 parts sodiun hydroxide, 21,50 
parts fumed silica condensate, 44 parts water and 
360 parts sand, ifhe sodium hydroxide was first 
dissolved in the water and then the fumed silica 
condensate was added to the solution and dissolved 
therein with mixing. The resulting silicate 
solution became very hot and was left to cool until 
It reached ambient temperature. She solution was 

constr'^r"'"^ "'""'"^ "''''•'^ "^^^ ^«»aining 
constituents to form the green mixture, m this 

^oh had a coB^pressive strength of ix,6 MPa, which 

flays to 64,2 MPa. After the same periods the 
respective equivalent flexural strLgrwe^e 2,3 
wa, 6,8 MPa and 8,6 MPa. 
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in this ca«, a binder co««,osltie„ coaprleing 8.19 
parts eodiu» hydroxide and u,6a parts ainorpLs 
silica (fu«^ silica condensate, tor every loo parts 
fly ash vae used together with 30,ai parts water and 
335 parts Band. She sodium hydroxide was first 
dissolved in water and then the ru«ed aiUoa 
condensate was added to the solution and dissolved 
therein with- nixing. «xe resulting silicate solution 
became very hot and was left to oool until It 
reached ambient temperature. The solution was then 
thoroughly blended with the fly ash and then the 
fiand was added, in this case, after two days the 

3nr«r"!f "'""'""^ • compressive strength of 
31,44 KPa, whica, increased after 7 days to 51.56 MPa 

periods the respective equivalent flejcural strengths 
were 5,05, 7,14 and 6,25 KPa respectively. 

»LtT' r''/ composition comprising 12.22 

parts sodium hydroxide and 22,93 parts amorphous 
silxoa (fumed silica condensate) for every xoo parts 
fly ash was used together with 43,47 parts watL 

It^ l: ^-"^^ Hydroxide was 

ZT ''*!''**^^^^ ^ then the fumed silica 

therein with mixing. The resulting silicate 

it rLrw"";? ''"'^ """^ ""'^ '^'^ -°oX until 
It reached ambient tei^perature. The solution w^ 
then thoroughly blended with the fly ash and t^I^ 
the sand was added, in this case th« ^ T 
-ed at room temperaturT rf\rr Hn":"^ 
compressive strengths at different times 1 gi.en 



I 



la 



■ 10 



15 



20 



25 



Tljae (Daye) 


strength 


Comreasive 


1 
2 
7 

14 

21 

28 


0,9 
A, 8 
3,6 
4,9 
6,9 
6.7 


Stren^h (KPa) 

■ 2,1 ~J 

4,3 1 
16,8 fl 
28,0 H 

37.7 0 

33. 8 1 



^soluble sodlu. siucte used in this Bx«^Xe wa. 

so called .Silohea 8P20 grade, with a reported 
siOaJNajO ratio of 2 tl and * *. ^ , 
^ . * ■ fsan total eollda 

content of 80% by mass. 

wL^anTa 00 

M«f r r thoroughly 
blended with the fly ash 

added m * ^^""^ "as 

whic^T ' compressive strength of s,88 

ariiBr 26 flays to 34,28 MPa 4.u 
2»83, 4,4S and 5,67 MPa respectively. 



I » 
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A binder which combriaft* » > 
"Btal confound selected fror^.^ ^l^^ali 
«.«tal hydroxides, aUaU ^r"'' '^^^^^^^"^ alkali 

the binder being 1^^! V '^'^""'"^ thereoj. 

P-s b. .sa » J J cZui:^^ ' ' 

by aass of water »j . «^«aot to set, e - 200 parts 

Wnte-, the .UaaiTetal ^ 1° th. 



«• A method as olaljied In aiaim a i 

by pressing, 8-^20 parts bvir ' ^ "^^"^ '^Pl"^ i« 

^ "° ^^'^ ^ »«" Of the fly aah. 

7- A method as claima^ 4^ 

' m Which th. „^i!r r °°° " '""-i™. 

with „„ ^ ^^l^' ""^ -^i-"- 

12' A binder which oomnrlaea #w » ». 

ooapound selected tromZl Z "'^'^^ 
hydroxides, ai Ji^",rB\iT"r ^^"^^ 

aeh a«d alJcali Tli f ""'^ "^^^ures thereof , the 

hy ^s. Of the blZr ""^ '"^'^^^ ^^^^ up at least 
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